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PULSE COUNTER CIRCUIT AND
DISPLACEMENT MEASURING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a pulse counter circuit and a
displacement measuring device employmng this pulse
counter circuit. The present invention are ideally us-
able, for example, on incremental-type rotary encoders

or linear encoders.

2. Related Background Art

Conventionally, on magnetic or optical incremantal-
type rotary encoders or linear encoders, displacement
amounts of movable scales, shift directions, and others
are detected by using two types of sinusoidal wave
signals (2-phase sinusoidal wave signals) having mutu-
ally different phases and obtainable from two sensors.
On linear encoders, for instance, it is known that signal
insertion circuits are adapted to improve the resolution
of position detection of linear scales. From the above-
mentioned 2-phase sinusoidal wave signals, a plural
number of sinusoidal wave signals mutually possessing
phase differences are generated and based on these
sinusoidal wave signals, a plural number of divided
pulse signals are formed.

FIG. 1is a block diagram showing an example signal
insertion circuit. The components indicated with the
numerals of 1 and 2 in this figure are input terminals.
For example, input into these terminals are sinusoidal
wave signals with mutually differing phases that are
output from two sensors of a linear encoder. For in-
stance, while signal “a” is input into input terminal 1,
what is input into input terminal 2 is signal *b” possess-
ing 90-degree phase difference from signal “a”. Also, by
inputting signal “a” into reverse circuit 3, signal “c”
possessing 180-degree phase difference from signal “a”
can be obtained. Then, by appropriately weighting
these three types of sinusoidal signals **a”, “b”, and *c”
with resistance and others, sinusoidal wave signals with
optional angles (phase angles) are inserted. In this FIG.
1, the same values for resistance R are used to thereby
obtain signals “d” and “e” with phase differences of 45
degrees and 135 degrees, respectively. These signals
“d”. “b”, and ‘“‘” are converted to rectangular wave
signals (binary signals) “f’, “g”, “h”, and “1” by means
of respectively corresponding comparator 4,5,6, and 7.
The signals are then output in the form of a pulse train
by direction discriminator 8. The pulses forming this
pulse train are generally termed up-down pulses. De-
pending on phase relations between signals “a” and “b”
(which is leading), these up-down pulses are divided
into up pulse “j” or down pulse “k”. In this manner,
since original signal “a” (or “b”’) is subjected to multiple
division, the resolution for angle detection can be up-
graded. Shown in FIG. 2 are the waveform examples of
signals “f’ through “k” mentioned in connection with
FIG. 1. In this case, pulse signal *j”’ (“k” during reverse
rotation) is obtained with 8 division of one cycle of
rectangular wave signal “f’ (or “h”) corresponding to
input signal “a” (or “b”"). By counting of these up-down
pulses (divided pulses) “j” and *“k”, scale positions are
detected.

However, when the linear scale shift speed is acceler-
ated, frequencies of sinusoidal wave signals input into
input terminals 1 and 2 are increased. It was found that
as a result of this frequency rise, there occur cases
where accurate measurement of linear scale displace-
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2

ment is not possible while the signal insertion circuit
fails to follow those high-frequency signals and to cor-
rectly generate divided pulses.

SUMMARY OF THE INVENTION

A prime object of the subject invention lies in provid-
ing an improved pulse counter circuit capable of elimi-
nating the above-mentioned problems.

A secondary object of this invention 1s to provide a
displacement measuring device equipped with a im-
proved pulse counter circuit that can solve abovemen-
tioned probiems.

Other purposes of the present invention will be clari-
fied in the detailed description of the embodiments ac-
cording to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 are the explanatory diagrams with
regard to the prior art.

FI1G. 3 is a block diagram of signal insertion circuit of
the first embodiments according to the present inven-
tion.

FIG. 4 is a time chart showing waveform for the
same embodiment.

FIG. § is a conceptional diagram of operation of the
same embodiment.

F1G. 6 is a block diagram of a speed detection circuit
of the same embodiment.

FIG. 7 is a time chart showing signal waveform ex-
amples on the same speed detection circuit.

FIG. 8A is a overall schematic diagram of a displace-
ment measuring device of the same embodiment.

FIG. 8B is a schematic diagram of reflection elements
used in the same displacement measuring device.

FIG. 9 is a block diagram showing a speed detection
circuit of the second embodiemnt.

FI1G. 10 is a2 time chart showing respective signal
waveform examples of the same speed detection circuit.

FIG. 11 1s a block diagram showing a signal insertion
circuit of the third embodiment according to the pres-
ent invention.

FIGS. 12 and 13 are time charts showing waveform
examples for explanation of operation in the same em-

bodiment.
FI1G. 14 is a block diagram of a signal insertion circuit
of the fourth embodiment according to the present

invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 3 is a block diagram showing a signal insertion
circuit used for the first embodiment of this invention.
Similarly to FIG. 1, this signal insertion circuit is
mounted on a linear encoder. On those components in
this FIG. 3 which are identical with those shown in
FIG. 1, the same identification symbols are affixed and
the explanations of these components are omitted. The
reference numeral 9 is a counter which counts up-down
pulses “j”” and “k” sent from a direction discriminator 8
and outputs count data “m”. The numeral 10 is a tempo-
rary data retention circuit for a latch circuit and others.
This circuit latches count data “m” obtained from
counter 9 and outputs the latched value as data “n”.
Data latching is conducted by a pulse signal “u” de-
scribed later.

The reference numeral 11 is a direction discriminator

configured in the same way as the direction discrimina-
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tor 8. This discriminator generates up-down pulses “p
and ‘“‘q” which are equivalent to signals “a” and *b” and
are corresponding to signals “f” and “h” before split-

e Y

ting. Another counter 12 counts up-down pulses *‘p
and “q” and outputs count data “r” simtlarly to the
counter 9. The reference numeral 13 1s a multiplication
circuit or a multiplier and this multiplier outputs data
“s”, In this case, data *“s” represents the value obtained
by multlplyrng count data *“r’’ with value “N” which is
equivalent to the ratios between resolutions (frequen-
cies) of up-down pulses *p” and *q” and up-down
pulses “j”” and “k”. In the example shown in FIG. 3, the
value of ‘“N” becomes 2 because pulses “p” and “q” are
obtained by dividing input signals in four while *;” and
“k” are obtained by dividing input signals in eight.

The reference numeral 14 is an adder that perform
addition of data “‘n”” and data “‘s” and issues the resultant
(n+s) value as data “w”. Thrs circuit also inputs data
“w” into the preset data input terminal of counter 9.
The numeral 15 is a speed detecting circuit. As for the
example in FIG. 3, this speed detector detects pulse
intervals or frequencies of up-down pulses “p” and *q”
and issues detection output “t”’ corresponding to linear
scale speed in the form of logical signals. The numeral
16 is a latch circurt and this circuit latches signal “t” at
the rise edge of signal *“f”’ to output as logical signal “u”
This signal “‘u” is used as a latch signal for temporary
data retention circuit 10 and also as a reset signal (nega-
tive logic) for counter 12. The numeral 17 1s a pulse
generator for generating pulse signal v’ when logical
signal “u” is reversed. This pulse signal “v” is used for
loading of preset data of counter 9. All sueh component
circuits mentioned above constitute signal insertion
circuit 200.

With reference to the signal waveform examples
shown in FIG. 4, the operation of the circuits in FIG. 3
will be explained. FIG. 4 shows an example case where
a moving object, namely, the linear scale, 1s first gradu-

ally accelerated in its speed and then gradually deceler-
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signals “f”’, “j”, and “p” are lowered after once raised.
Division means (1-8) cannot follow signal *1” subjected
to 8 division at the high-frequency portion resulting in
creating unreliable status in the area between (3) and (4)
of FIG. 4 (range G). On the other hand, in a speed
detection circuit 15, such configurations are adapted to
enable judging that scale shift 1s at high speed long
before signal *“j” becomes unable to follow. Output
signal “t” as shown in FIG. 4 can be obtained because
circuit 15 judges existence of low speed before (1) as
well as after (§) (range A) and of high speed between (1)
and (5) (range B). FIG. 4 also shows the types of wave-
forms for pulse signal “v” and signal “u” obtained by
latching signal “t” at the rise of signal “f”. The refer-
ence numeral (2) represents a position where signal “f”
rises for the first time after signal *“t” becomes “high”
and this is also the point where signal “u” is converted
to a “high”. The numeral (6) is a point where signal “g”
rises for the first time after signal *‘t” becomes “low
and signal “u” 1s changed to “low”.

In a range C in FIG. 4, a counter 9 continues counting
of pulse *“j”’ in normal manner and keeps outputting the
counting results as signal “m”. A temporary data reten-
tion circuit 10 remains In the state of letting count data
“m” as output data “n” because signal “u” is at “low”.
During this time, on the other hand, a counter 12 is
under reset state and output “r’”’ 1s maintained at zero

level, consequently causing data *s” to stay at zero
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output condition. As a result, the addition result “w” at
an adder 14 1s equal to the count data “m’. In other
words, it is evident that counting results of signal *}”
(up-down pulse) obtained by division are output as they
are.

At a point (2) 1in FIG. 4, concurrently with rise of
signal “‘u” and counting start by counter 12, a tempo-
rary data retention circuit 10 is latched. This temporary
data retention circuit 10 retains the value of count data
“m” available immediately before latching (retention
value M) and outputs this value as data “n”. Since signal
“v” 1s simultaneously generated at this time, preset data

“w=n+s"(value M) 1s loaded on counter 9. In range D
starting from this point, the value of data “n” remains as
that of M. Instead, count data *“r” as well as count data
“s” obtained by N-ttme multlplication of “r” are
changed and output “w” from adder 14 is also changed
acoordmg to changes of “r” and *“s”. Therefore, from
point (2) in FIG. 4 and thereafter, obtained as output
signal “w’’ are the values obtained by adding the reten-
tion value M to the data “s” collected from counting
signal “p”.

At the portion between (3) and (4) in FIG. 4, signal
“y’ obtained by division becomes unreliable. During
this period, however, by counting signal “p” corre-
sponding to signal “f”’ (namely, signal “a”) generated
from output “w” is the value with data “s” added to
retention value M. In this case, at the time when signal
“p” 1s input, accurate values with high-level resolution
are obtainable.

At point (8) 1n FIG. 4, signal “t” becomes “low”.
However, at this point, the above-mentioned operation
1s continued and signal ““j is not utilized.

When 1t comes to pomnt (6) in FIG. 4, the output
signal ““w’’ available at this point is preset on the counter
9 by pulse signal “v”’. (*w” becomes accurate value at
this point). At the same time, since signal ‘“u” becomes
“low”, the temporary data retention circuit 10 discon-
tinues the retention and starts output of input signals as
such. Also, the counter 12 is reset and data “r”’ and *‘s”
become zero. Namely, from this point on, counting is
resumed by using signal “j” obtained through division
from preset correct values.

FIG. 5 illustrates the conceptional summary of the
above-mentioned circuit operation. Pertaining to this
FIG. 5, high-frequency narrow pitch signals ‘corre-
sponding to up-down pulses “j”’ and “k” after the
above-mentioned division are termed high resolution
pulses. On the other hand, low-frequency (wide-pitch)
signals corresponding to up-down pulses “p” and “q”
before the said division are termed low resolution
pulses. In this example too, assumed is the case where
shift of a moving object is first changed from low speed
to high speed and then returned to low speed again.

During low-speed shift, low resolution pulses remain
reset and count results J1 of high resolution pulses are
output. When speed becomes high, counting of high
resolution pulses is stopped and count value M during
change-over time is held. Simultaneously, counting of
low resolution pulses is started and output is made of the
value with hold value M added to the value with resolu-
tion ratio N multiplied to count value P. When speed
drops to the level judged to be low speed, counting of
low resolution pulses is reset. At the same time, addition
results S (M+P XN immediately before resetting) are
preset on the counter of high resolution pulses (counter
12 shown in FIG. 1). From this point on, counting of
high resolution pulses is resumed.
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As explained above, by counting up-down pulses
before division during low speed and by counting up-
down pulses after division during high speed, the en-
coders with high-level resolution and high-speed re-
sponse can be realized.

FIG. 6 is a partial block diagram showing details of
speed detection circuit 15 of the subject device. The
reference numeral 51 in the figure is an OR circuit
which outputs the logical add of two types of input
signals while numeral 52 is an F-V converter that con-
verts frequencies of input signals into voltage values.
The reference numeral 53 denotes a comparator. The
numeral 54 is a reference power source which assigns
reference voltage to comparator §3. This reference
voltage is at the same level with the voltage output from
F-V converter 52 under the frequencies (namely,
speed) at points (1) and (5) in FIG. 4. FIG. 7 shows the
waveform examples of respective signals on the speed
detection circuit 15. These examples in FIG. 7 also
pertain to the case with gradual speed acceleration of
the linear scale followed by gradual deceleration. With
reference to this FIG. 7, the operation of the speed
detection circuit will be explained as follows.

From the OR circuit 51, the logical add of up-down
pulses “p” and *“q” at the previous stage 1s obtained and
the F-V converter 52 converts their frequencies to volt-
age values. Then, comparator 53 compares these volt-
age values with voltage levels from reference power
source 54. When frequency level exceeds the frequency
corresponding to the voltage from reference power
source 54, output signals at high level are output. In this
manner, achieved is output of detection output “t”
under high frequency or low frequency (namely, high
speed or low speed) as mentioned above.

The above explanation relates to the case of shifting
the moving object in a predetermined direction. How-
ever, same operating principles are applicable to a
movement in reverse direction.

On the above embodiment, more stable operation 1s
achievable by providing certain delays on signal “u” or
“v” and addition of such adjustment will not cause
deviation from the spirit of the present invention.

In the said embodiment, explained is the case of 8
division of one cycle of sinusoidal wave signals entered
into input terminals 1 and 2. However, by division in
higher rates, similar configurations can be satisfied.
Rather, it can be said that into the greater numbers the
division is made, the more conspicuously the effects of
this invention can be realized. It may also be possible to
use the signals which divide signals “p” and *q” as
signals “j” and “k” and conduct switching between
these two types of signals. Further, as signals “p” and
“q”, but usable signal types are not limited to these
examples with 4 division of input signals a, b. In other
words, other signals can be equally used as long as those
signals possess the resolution (% cycle) multiplied by
integers obtainable from signals “f” and “h”. As signals
“s” and “q”, use is also possible of the signals that do
not divide input signals “a” and “b” (signals with same
cycles with input signals “a” and “b”). Detection means
of shift speed of moving objects are not limited to the
above-mentioned method. However, it is desirable to
adopt the configurations which allow switching with
sufficient leeway to counting of signals before division
at least against the ranges where divided signals become
unreliable.

As explained up to this point, the circuit according to

the present embodiment comprises a speed detection
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means for detecting changes of linear scale shift speed
by using signals before or after division, and two count-
ing means for counting of signal numbers before divi-
sion and of signal numbers after division, respectively.
When the scale shift speed is judged to be high speed by
above-mentioned speed detection method, count results
of signal after division are not used and instead, the
results before division are employed. By adopting such
circuit configurations, signal insertion circuits with
high-speed response can be realized.

FIG. 8A and 8B are the overall schematic diagrams
of a displacement measuring device incorporating the
above-mentioned signal insertion circuit. In this em-
bodiment, cited is an example use of optical displace-
ment measuring device for the purpose of wafer stage
position measurement on an exposure device for semi-
conductor manufacturing. On the subsequently ex-
plained other embodiments, the signal insertion circuits
are provided in the interior of displacement measuring
devices.

Referring to FIG. 8A and 8B, the reference numeral
100 is a scale reader, 101 a semiconductor lazer, 102 a
collimator lens, and 30 an optical scale. This optical
scale 30 is mounted on wafer stage 300 and is provided
with a diffraction grating with grating pitch “d”, capa-
ble of moving in arrow “x” direction shown In the
figure by speed “v”. Wafer stage 300 is driven by a
driving device 500. The reference numeral 109 1s a
deflection beam splitter, 151 and 152 are i wavelength
plate and 111 and 112 denote reflection mirrors. Fur-
ther, 106 is a beam splitter while 171 and 172 and deflec-
tor plates with respectively orthogonal axes. These
deflector plates 171 and 172 are arranged so that their
deflection axes form 45-degree angles with the deflec-
tion axes of 3 wavelength plates 151 and 152. 181 and
182 are light-receiving elements which perform photoe-
lectric conversion of interferences.

The reference numeral 110 is a stick-shaped lens of
refractive index distribution type possessing two-end
flat surfaces for forming the light entering from one end
surface into images on the other end surface. On one
end of this lens, a reflection film 121 is coated. The lens
110 and reflection film 121 constitute a reflection ele-
ment 120.

As will be explained later, the sinusoidal wave signals
from light-receiving elements 181 and 182 mutually
possess 90-degree phase difference. Signals with phase
angle of 0° from light receiving element 181 are entered
into the input terminal 1 of the signal insertion circuit
200 while signals with phase angle of 90° go from light-
receiving element 182 into input terminal 2 of the sig-
nals insertion circuit 200. Signal insertion circuit 200,
composed of the circuits shown in FIG. 3, counts the
first up-down pulses formed by dividing (by inserting)
the signals from light-receiving elements 181 and 182.
Further, this circuit counts not only the first up-down
pulses but also the second up-down pulses correspond-
ing to the signals before division. By such counting of
two types of up-down pulses, relative displacement of a
wafer stage 300 against the device mainframe is mea-
sured. The measurement results are transmitted to a
controller 400 and this controller 400 performs position
control of the wafer stage 300 by way of a driving de-
vice 500. At this point, the shift speed of wafer stage 300
is increased and when frequencies of the signals from
the light-receiving elements 181 and 182 rise above
certain levels, input signals from the signal insertion
circuit 200 to the controller 400 are switched from
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count results of the first up-down pulses to count results
of the second up-down pulses. Further, when the shift
speed of the wafer stage 300 1s lowered to the contrary,
input signal from the signal insertion circuit 200 to the
controller 400 are switched from count results of the
second up-down pulses to count results of the first up-
down pulses.

In the present embodiment, interferable beams from
the semiconductor laser 101 are made approximately
parallel beams by the collimator lens 102 and these
parallel beams are entered into the deflection beam
splitter 109 for splitting into two types of beams, namely
transmission beams of linear deflection (P deflection)
and reflection beams of linear deflection (S deflection).
In this case, installation position of the semiconductor
laser 101 is properly adjusted so that linear deflection
direction of emission beams from the semiconductor
laser 101 forms 45-degree angle against deflection direc-
tion of the deflection beam splitter 109. By conducting
such adjustment, the relation of approximately 1:1 1s
established on the intensity ratio between transmission
beams and reflection beams from the deflection beam
splitter 109.

The reflection beams and transmission beams from
the deflection beam splitter 109 are subjected to circular
deflection via the wavelength plates 151 and 152 and
reflected with reflection mirrors 111 and 112. Then,
diagonal incidence of reflected beams is made into opti-
cal scale 30. Further, respective beams are entered into
optical scale 30 so that “m”-order diffraction light from
target optical scale 30 can be emitted approximately
perpendicularly from the diffraction grating surface of

optical scale 30.
In other words, beam incidence is achieved in the

manner to satisfy the following equation

(1)

fm=xsin— (mA/p)

Where,

P: Grating pitch of diffraction grating of optical scale
30

A: Wavelength of interferable beam from semicon-
ductor laser 101

m : Integer

6ém: Angle of incidence to diffraction grating surface
of interferable beams (angle from perpendicular
line to diffraction grating surface)

Reflection beams from deflection beams splitter 109
achieve diagonal incidence into optical scale 30 by
angle of incidence of 6m and then reflection diffraction
is performed by the diffraction grating of optical scale
30, followed by perpendicular emission of primary dif-
fraction light from this scale. On the other hand, diago-
nal incidence of transmission beams from deflection
beam splitter 109 into optical scale 30 is achieved by the
angle of incidence of —8m and reflection diffraction 1s
performed by the diffraction grating of optical scale 30,
resulting perpendicular emission of negative primary
diffraction light. In this application example, incidence
positions of refrection beams and transmission beams
into optical scale 30 are made identical and therefore, a
pair of diffraction lights (Z=primary) vertically ejecting
from scale 30 are overlapped each other. Consequently,
such reflected diffraction lights form mutually common
optical paths. In this case, the optical paths for transmis-
sion beams and reflection beams from deflection beam
splitter 109 as well as for reflected diffraction lights are
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included into the same incidence surface (surface paral-
lel with paper). ,

-+ primary diffraction lights perpendicularly omitted
from optical scale 30 are directed toward reflection
element 120 and enter into the end surface of lens 110.
This lens 110, a stick-shaped one, is provided with the
predetermined length to permit the parallel hights enter-
ing into one end surface of the lens to form 1mages on
the other end surface. In other words, the focal point
surface of element 120 is located on its end surface. On
the other end surface, formed is reflection film 121.
Therefore, =primary diffraction lights entering into
lens 110 are reflected by reflection film 121 as shown 1n
FIG. 8B, return to original optical paths, are emitted
from lens 110, and then go into optional scale 30 again.

Then, =+primary reflected diffraction lights, redif-
fracted by the diffraction grating of optical scale 30,
return to the original optical paths, under reflection by
reflection mirrors 111 and 112, and enter again Into
deflection beam splitter 109 after passing through 3%
wavelength plates 151 and 152.

At this time, the rediffracted lights have again passed
through 1 wavelength plated 151 and 152. Therefore, at
the time of reincidence, the beams first reflected by
deflection beam splittor 109 (S deflection) are in the
status of P deflection with 90-degree different deflec-
iion direction against the splitter. Therefore, these first
reflected beams now pass through deflection beam split-
ter 109. Reversely, the beam which first have passed
through the splitter becomes S deflection and become
reflected when the beams make reincidence into deflec-
tion beam splitter 109.

As explained above, two types of rediffracted lights
are overlapped by deflection beam splitter 109 and such
lights are converted to circular deflection lights with
mutually reverse rotations by way of i wavelength
plate 153. The beam splitter 106 splits the lights into two
types of beams and converts into linearly deflected
lights via deflection plates 171 and 172. These linearly
deflected lights finally enter into light-receiving ele-
ments 181 and 182 as interference hght.

Angle of incidence 6m on Equation (1) mentioned
above can be any values within the range which permits
incidence of diffraction light into reflection element 20
and reincidence into optical scale 30.

In this application example, the phase of “m”order
diffraction light is changed by 2mw per each l-pitch
shift of diffraction grating Therefore, light-receiving
elements 181 and 182 perform photoelectric conversion
by receiving the interference light subjected to interfer-
ence by beams which undergo two times each of posi-
tive and negative “m’’-order diffraction. Because of this
reason, when the grating of diffraction grating is shifted
by 1 pitch, 4m pieces of sinusoidal wave signals can be
obtained.

Accordingly, 3.2 um is used as the pitch of diffraction
grating of optical scale 30 primary (“M” =1) is adopted
as the diffraction light. As a result, when optical scale
30 is shifted by 3.2 um, 4 pieces of sinusoidal wave
signals can be obtained from lightreceiving elements
181 and 182. That is, as the resolution per each sinusoi-
dal wave, obtainable 1s § of the pitch of diffraction
grating 30, namely 3.2/4=0.8 um. By combining }
wavelength plates 151 and 152 as well as deflection
plates 171 and 172, 90-degree phase is provided between
output signals from hlight-receiving elements 181 and
182 so that discnimination of shift direction of diffrac-
tion grating 30 and signal insertion become possible. In
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this embodiment, by using common optical paths for
+primary diffraction lights emitted from optional scale
30, the lights are directed again toward this optical scale
30 by way of common reflection element 20. This means
that because installation of individual reflection mirrors
is not required for individual diffraction hght, the de-
vice can be compact in its size and simple in its configu-
rations. Also, by utilizing such benefits, ratios of stray
light generation to reach to the light-receiving elements
are reduced, thus contributing to improvement of detec-
tion accuracy of interference fringes.

Additionally, as shown in FIG. 8A, providing of the
device composing components all at the upper side of
optical scale 30 (one side) can be facilitated, thereby
enabling offer of optical encoders extremely rich with
general applicability.

Reflection element 120 mentioned in this embodiment
is provided with the reflection surface in the neighbor-
hood of focal point surface. Therefore, for instance,
even feeble change of diffraction angle occurs due to
oscillation wavelength variations of laser beam accom-
panying alteration of the angle of incidence into lens
110, diffraction light can be returned to optical scale 30
by way of approximately same optical paths. This capa-
bility permits securate overlapping of two type of,
namely, positive and negative, diffraction lights conse-
quently preventing degradation of S/N ratio of the
output signals from light-receiving elements 181 and
182. Further, size reduction of entire device 1s at-
tempted by presetting the angle of incidence 8m of laser
beams into optical scale 30 as mentioned above concur-
rently by using reflection element 120.

If the grating pitch of diffraction grating of optical
scale 30 is 3.2 um and the wavelength of laser 10115 0.78
um the diffraction angle of *primary diffraction lights
is 14.2° as previously mentioned. Hence, when refrac-
tion-rate distribution-type lens with diameter of about 2
mm is used as lens 110 to reflect only ®=primary diffrac-
tion lights, the distance from optical scale 30 to lens 110
becomes 2/tan 14.2°=7.9 mm. In other words, separa-
tion of only about 8 mm is all that is mended and this
advantage makes configurations of entire device highly
compact.

Under the subject embodiment, the optical path
lengths are identical for a pair of rediffracted lights
which form interference fringes (single color) on light-
receiving element 181 and 182. Therefore even if the
wavelength of semiconductor laser 101 are changed, 1t
is possible to generate the interference fringes that react
only against displacement of optical scale 30. Also,
. what becomes possible is mounting of low-priced multi-
mode semiconductor laser as a light-emitting -element.

In this embodiment, as is comprehensible from FIG.
8, symmetry exists on the optical paths of optical system
composed of deflection beam splitter 9, reflection mir-
rors 111 and 112, and reflection element 120. This fact
makes the system configurations resistant against exter-
nal disturbance of optical scale 30 by vertical movement
and others.

The signal insertion circuit in the first embodiment
explained up to this point comprises a division means
for dividing original signals and generating preliminar-
ily determined plural numbers of pulses, a first count
means for counting said plural numbers of pulses, a
second count means for counting designated pulses
corresponding to the original signal, and a control
means for controlling counting operation of said the
first and the second counting means in compliance with
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frequencies of said original signals. By adopting this
configurations of this type, even when original-signal
frequencies are elevated and the division means fails to
achieve accurate generation of divided pulses, the con-
trol means enables the use of count resuits by the second
count means in lieu of the results by the first count
means. Consequently, for instance, by applying the
circuit linear encoders or other devices, scale displace-
ment can be constantly measured regardless of the
speed variation of linear scales.

The displacement measuring device according to the
present embodiment comprising a scale reading means
that outputs signals in compliance with scale displace-
ment levels by reading the scale graduations provided
on the movable scale, a division means that divides
signals from said first scale reading means and generates
plural pulses of predetermined numbers, and a first
count means that counts the numbers of these plural
pulses, further comprises a second count means that
counts pulses corresponding to signals from said sale
reading means, and a control means that controls the
counting operation of said first and second count means
in line with variations of frequencies of signals from said
scale reading means, thereby enabling the measurement
of scale displacement from the results of said second
count means even when scale shift speed (parallel shift
or rotation) varies and frequencies of signals from the
scale reading means are increassed. Also provided i1s a
displacement measuring device according to the present
embodiment which comprises a scale reading means
that reads the graduations on the movable scale and
issures signals pursuant to the scale displacement, a
pulse generating means that creates first pulses of prede-
termined frequencies and second pulses of frequencies
lower (greater pitches) than said first pulses based on
signals from the scale reading means, measurement
means that counts said first and second pulses and mea-
sures displacement of the scale, and control means that
controls said measurement means based on the shift
speed variations of the scale. By adopting the configura-
tions of this type, similarly to the above-mentioned
device, scale displacement can be measured by the mea-
surement means irrespective of the scale shift speed.
Moreover, the measurement method can be selected
depending on the scale shift speed. For instance, 1n case
of high speed, measurement is made by counting the
second pulses and in case of low speed, measurement is
achieved by counting the first pulses. This measurement
method selection can be made either per each target
scale or according to shift speed changes during mea-
surement of one of the scales.

Now, FIGS. 9 and 10 are referred for explanations of
the second embodiment of the subject invention. F1G. 9
is a partial block diagram of a speed detection circuit 1§’
of the displacement measuring device in the second
embodiment of this invention. On the second embodi-
meni, the speed detection circuit 1s the only portion that
differs from the configurations in the first embodiment.
Since all other components are the same as those of the
first embodiment, explanations and drawings are omit-
ted herein. Pertaining to FIG. 9, reference numeral 61 1s
a clock generating circuits, 62 a counter, and 63 a digital
comparator. Reference numeral 64 1s a memory device
and this memory device stores as reference data the data
same as count output from the counter under frequen-
cies (namely, speed) at points (1) and (§) in previous
FIG. 4. An OR circuit 51 is identical with that shown in
FIG. 6. -
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FIG. 10 shows the waveform examples of respective
signals on speed detection circuit 15", This FIG. 10 also
reveals an example case where the speed 1s first gradu-
ally increased and then gradually decreased. From this
figure, the operation of speed detection circuit can be
explained as follows.

At OR circuit 51, obtained is the logical add of up-
down pulses “p” and “q” from the preceding stage.
Clock generating circuit 61 generates clocks with fre-

quencies sufficiently higher than “p” and “q” and these
clocks are directed to counter 61 for counting. Each
time the logical add pulsed of “p” and “q” 1s received,
counter 62 latches these pulses, outputs clock count

data, and clears the data. The digital comparator com-

10

pares this count data with the reference data stored 1n 15

memory device 64 and performs high-level output of

output signal E at count values smaller than the refer-
ence data (namely, at high frequencies). (Signal A
shown in FIG. 10 is actually digital data of plural bits.)

In this manner, as mentioned above, detection output of 20

high frequencies and low frequencies (namely, high
speed and low speed) is achieved.

FIG. 11 is a block diagram showing the signal inser-
tion circuit used in the third embodiment of this inven-
tion. On those components identical with those shown
in FIG. 3, the same symbols and numbers are affixed.

Therefore, explanations on the identical components
are omitted or explanations will be limited to those
which require clarifications. In this third embodiment,

25

the speed detection circuit 18’ 1s indicated in place of 30

the speed detection circuit 15 shown in the first embodi-
ment.

The reference numerals 73 and 74 are pulse generat-
ing circuits of single stable multivibrator or others that
can be retriggered, capable of generating up-down
pulses “ua” and ‘“va” with widths wider than divided
pulses “j” and “k”. Reference numeral 90 1s a counter
which counts up-down pulses “ua’” and *‘va” with wide
widths from pulse generating circuits 73 and 74 and
outputs count data “ga”. The numeral 70 1s a delay
circuit which assigns certain delay D to signal “f”’ cor-
responding to original signal before division. The nu-
meral 71 is a pulse generator made of single stable multi-
vibrator or others and this circuit generates pulse “ra”
with predetermined time width in response to rise edge
of signal “f” with delay D from delay circuit 70. This
pulse “ra” is used as the reset signal of counter 90. Nu-
meral 75 is a discriminator circuit designed for judging
whether or not count data “qa” from counter 72 coin-
cides with division number N preliminarily determined
by this circuit. Configurations of this circuit allow its
output “sa’’ to become H (high level/logic 1) only when
the said coincidence exists. Numeral 76 is a detection
signal circuit which outputs the signals (detection out-
put “t” that become H (high level) during one cycle
period of signal “f” when H signal is not received from
discriminator circuit 75. All these circuits explained
above constitute signal detection circuit 15”.

By referring to the signal waveform examples shown

in FIG. 12, explanations will be made on the circuit

operation of FIG. 11. The circuits in FIG. 11 perform,
similarly to the circuits in FIG. 3, 8 division of one
cycle of input signals (original signals). Count data “qa”
is reset at point (1') (at rise of signal *“f”’) and counter 90
counts up at each rise edge of signal “us”. Therefore,
unless erroneous operation occurs on the circuits up to
direction discriminator 8, count data “‘ga” becomes 8
(binary and 1.0.0.0 from upper bit) at next rise point (2')
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of signal “f’. At this time, discriminator circuit 75
judges that data *“qa” is coincided with division number
N (N <8) and from that point on, output “sa’” becomes
H. At point (3') with lapse of short time D from point
(2'), counter 90 is reset by signal “ra” and simulta-
neousiy output “sa’” |

discriminator circuit 75 becomes L (low level/logic
0). In the present embodiment, correct performance of 8
division is confirmed by the fact that signal *‘sa” be-
comes H immediately after rise edge of signal “f’. By
using this discriminator circuit 75, various processing
can be performed. Output from discriminator circuit 75
is sent to detection signal circutt 76 which issues L
output because signal “sa’ is H at rise of signal “f”’. This
way, while correct performance of 8 division is being
confirmed, detection signal circuit 76 continues L out-
put.

Next, by referring to the example shown in FIG. 13,
explanations will be made regarding the case where
(slightly before) separation of division pulses from di-
rection discriminator 8 becomes not possible due to rise
of frequencies of sinusoidal wave signals (phase angles
0°, 90°) entered into input terminals 1 and 2. Count data -
“ga” is reset at point (1') of FIG. 13 (during rise of
signal “f’) and continues count-up at each rise edge of
signal *“us”. On the example shown in FIG. 13, pulse
array cycles are varied from 3rd through 6th pulse and
separation 1s not possible between 3rd and 4th pulses as
well as Sth and 6th pulses (marked with A). As a result,
at the next rise of signal “f’, namely, point (2'), count
data “ga” becomes 6 (0.1.1.0 from upper bit). At this
time, since data “qa” does not correspond with division
number N (N=8) at discriminator circuit 75, output
“sa’” remains L. Because signal “sa” i1s L during rise of
signal “f”’, detection signal circuits 76 issues H output
for one cycle period of signal “f’. If signal “sa” still
remains at L. at the next rise edge of signal “f’, the
circuit continues output H for another one cycle period
of signal *“f’. Detection signal circuit 76 keeps issuance
of output H in this way as long as there exists probabil-
ity of failure in correct performance of 8 division.

As mentioned above, by checking whether signal
“sa’” immediately after rise edge of signal “f’ is at H or
L, it is possible to know 1f correct division is made on
pulses “ua” and *‘va’” generated in response to pulses *}”
and “k” shown in FIG. 13, even when separation of
pulse “ua” (or *va’) starts to become difficult, separa-
tion 1s still possible although pulse cycle variation oc-
curs because widths of split pulses *“j” and “k” are nar-
rower. Therefore, correct count values are obtainable at
output “m” of counter 9. Thus, further accurate, error-
free counting becomes possible by conducting prompt
switching through estimating operating trouble before
division failure actually occurs. The above-mentioned
detection output “t” is sent to latch circuit 16 and pulse
generating circuit 17 shown in FIG. 3. By conducting
the processes also shown in FIG. 3, cases of division
failure (for instance, high speed, namely high fre-
quency) can be properly prevented. In other words, by
switching to low-resolution counting of larger-pitch
pulses, counting can be smoothly continued.

In the above embodiment, indicated is an example
case of relatively short-time delay D of signal “f” cre-
ated by delay circuit 70. Basically, however, setting of
this delay will suffice as long as reset operation of
counter 90 can be completed before rise of pulse signal
subsequent to up-down pulse “ua” (or “va”
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In the above embodiment, to detect erroneous opera-
tion of the division steps (1-8), counter 9 counts the
number of split pulse (“‘va”, *“va”) within the period
corresponding to one cycle of signal “f”. This counting
period does not need to be limited to one cycle period of
signal. The counting period may be any other lengths as
long as the period is integer multiplication of resolution
(4 cycle) obtained from signals “f” and “h”.

Further, methods other than those explained above
can also be applied to judgment on coincidence be-
tween count value “qa” and division number N or to
styles of signals for indicating judgment results.

FIG. 14 will be used for explaining the fourth em-
bodiment of this invention. This fourth embodiment
differs from the first embodiment on the points that
speed detection circuit 15 is not provided and counting
change is made by switching of swith ST. Other compo-
nents are indentical with those of the first embodiment
and therefore, explanations are omitted. ES 1s a power
supply unit for generating output t' and this power
supply outputs H (high level) output to latch circuit 16
and pulse generating circuit 17 when switch ST is
turned ON. Switch ST is preliminarily turned ON by
the operator before measurement, for example, in faster
speed. Or, this switch is turned ON by command signal
sent from the speed measuring device when high-speed
displacement is judged by the speed measuring device
installed separately from the subject displacement mea-
suring device. When switch ST is turned ON and out-
put t’ of H is assigned or when switch ST is turned OFF
and output t' of L is assigned, the device operation is
identical with the first embodiment. Explanations on
this point are therefore omitted.

On the embodiment explained up to this point, the
displacement measuring device for position measure-
ment of wafer stage is indicated. This displacement
measuring device can be effectively used, for example,
for position measurement of magnetic heads or optical
heads for formation of tracking tracks on magnetic disks
or optical disks. Also, the device is applicable to encod-
ers of magnetic, optical linear, rotary, and various other
types.

As mentioned above, the means are provided for
counting the first pulses and the second pulses with
mutually differing frequencies and the employed con-
figurations allow controls of counting operation of
these pulses. Therefore, even when frequencies become
high and, for instance, the first pulses generated by
dividing original signals become inaccurate due to high
frequencies of original signals, it is possible to conduct
accurate signal processing by using the second pulses
corresponding to original signals with lower frequen-
cies (larger pitches). Consequently, regardless of the
scale shift speed, the displacement measuring device to
perform displacement measurement can be offered.

Further, pulse signals with two types of pitches can
be formed from the same input signals and complete
synchronization can be achieved between these two
types of pulses. Then by conducting switching between
these types of pulses, and advantage can be created for
eliminating counting errors arising from synchronizing
errors of both pulse signals during switching.

I claim:

1. A pulse counting circuit for counting pulse signals,
comprising:

a pulse signal generating means for generating first

and second pulse signals by dividing an input peri-
odic signal into first and second multiple pulse
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divisions, said first pulse signal having divisions
greater than those of said second pulse signal;
a counting means for counting at least either of said
first pulse signal and said second pulse signal; and
a control means for selectively controlling an opera-
tion of said counting means for effecting counting
of said first and second pulse signals.
2. A circuit according to claim 1, wherein said input
periodic signal comprises 2-phase sinusoidal wave sig-

nals.

3. A circuit according to claim 2, further comprising
a frequency change detecting means for detecting
changes of frequencies of said periodic signals.

4. A circuit according to claim 3, wherein said con-
trol means controls said counting operation based on
detection results of said frequency change detecting
means.

§. A circuit according to claim 4, wherein satd con-
trol means directs said counting means to count said
first pulse signals when frequencies of said penodic
signals are lower than predetermined values, and
switches pulse signals counted by said counting means
from said first pulse signals to said second pulse signals
when frequencies of said periodic signals are higher
than predetermined values.

6. A circuit according to claim 1, wherein said con-
trol means directs said counting means to count either
of said first and second pulse signals based on command
signals received from the exterior.

7. A circuit according to claim 1, further comprising
abnormality detecting means for detecting abnormality
in counting of the first pulse signals by said counting
means.

8. A circuit according to claim 7, wherein said con-
trol means directs said counting means to count said
first pulse signals under the state where abnormality 1s
not detected by said detecting means, and switches
pulse signals counted by said counting means from said
first pulse signals to said second pulse signals.

9. A displacement measuring device for measuring
relative displacement of objects that undergo relative
shift, comprising:

a scale provided on one side of two objects;

a scale reading means for reading said scale, said scale
reading means being provided on the side differing
from said one side;

a first pulse signal generating means for generating a
first pulse signal of a first frequency corresponding
to reading results of said scale reading means;

a second pulse signal generating means for generating
a second pulse signal of a second frequency corre-
sponding to reading results of said scale reading
means, said second frequency is lower than said
first frequency;

a counting means for counting at least either of said
first and second pulse signals:

a control means for selectively controlling the count-
ing operation of said first and second pulse signais
by said counting means; and

a displacement detecting means for detecting relative
displacement of two objects based on counting
results of said counting means.

10. A device according to claim 9, further comprising

a frequency change detecting means for detecting fre-
quency changes of output signals by said scale reading
means.

11. A device according to claim 10, wherein said
control means controls said counting operation based
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on a detection results by said frequency change detect-
ing means.

12. A device according to claim 11, wherein said
control means directs said counting means to count said
first pulse signals when frequencies of said output sig-
nals are lower than predetermined values, and switches
pulse signals counted by said counting means from said
first pulse signals to said second pulse signals when
frequencies of said output signals become higher than
predetermined values.

13. A device according to claim 9, wherein said con-
trol means directs said counting means to count either
said first or second pulse signals based on the command
signals received from exterior.

14. A device according to claim 9, further comprising
an abnormality detecting means for detecting abnormal-
ity in counting the first pulse signais by said counting
means.

15. A device according to claim 14, wherein said
control means directs said counting means to count said
first pulse signals when abnormality is not detected by
said abnormality detecting means, and switches pulse
signals counted by said counting means from said first
pulse signals to said second signals when abnormality 1s
detected by said abnormality detecting means.

16. A device according to claim 9, further comprising
a speed detecting means for detecting changes of rela-
tive displacement speed of two objects.

17. A device according to claim 16, wherein said
control means controls said counting operation based
on the detection results of said speed change detecting
means.

18. A device according to claim 17, wherein said
control means directs said count means to count said
first pulse signals when relative displacement speed of
two objects 1s smaller than predetermined values, and
switches pulse signals counted by counting means from
said first pulse signals to said second pulse signals when
the relative displacement speed of two objects becomes
greater than predetermined values.

19. A device according to claim 9, wherein said scale
has a diffraction grating.

20. A device according to claim 19, wherein said
scale reading means includes a light source means for
irradiating light beams to said diffraction grating, and a
light detecting means for detecting interference hight of
diffraction light from the diffraction grating irradiated
by said light source means.
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21. A device according to claim 20, wherein said
scale reading means further includes a beam splitter for
splitting into two the beams emitted from said light
source function, and a light deflecting means for direct-
ing two beams split by said beam splitter for irradiation
to substantially the same position of said diffraction
grating, said light detecting means detecting interfer-
ence light of diffraction lights emtted to substantially
the same direction from said a substantially the same
location said two beams.

22. A device according to claim 9, wherein said read-
ing results comprise 2-phase sinusoidal wave signals.

23. A device according to claim 22, further compris-
ing, means for judging a direction of the relative dis-
placement from said reading results.

24. A stage device, comprising:

a stage relatively displaceable to a main body of said

device; |

a scale provided on one side of either said stage or
said main body of said device;

a scale reading means provided on a side differing
from said one side of either said stage or said main
body of said device;

a first pulse signal generating means for generating a
first pulse signal of a first frequency corresponding
to reading results of said scale reading means;

a second pulse signal generating means for generating
a second pulse signal with a second frequency cor-
responding to reading results of said scale reading
means, said second frequency being lower than said
first frequency;

a counting means for counting at least either of said
first and second pulse signals;

a counting control means for selectively controlling
the counting operation of said first and second
pulse signals by said counting means;

a displacement detecting means for detecting relative
displacement of said stage and device main body
based on the counting results of said counting
means; and

a displacement control means for controlling relative
displacement between said stage and device main
body based on the detection results of said displace-
ment detecting means.

25. A device according to claim 24, wherein said

reading results comprise 2-phase sinusoidal wave sig-

nals.
*x ¥ ¥ X
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"beam splitter 9," should read
--beam splitter 109, --.
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CERTIFICATE OF CORRECTION

PATENTNO. : 5,127,035
DATED . June 30, 1992
INVENTOR({S) : SATOSHI ISHII Page 3 of 4

It is certified that errar appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

COLUMN 10

Line 20, "sale" should read --scale--.

Line 28, "increassed." should read --increased.--.
Line 32, "issures" should read --issues--.

Line 62, "circuits," should read --circuit, --.

Line 12, "pulsed" should read --pulses--.

COLUMN 12

Line 6, ""sa"" should read --"sa" from-- and
close up right margin.

Line 7, Close up left margin.

Line 27, "pulse" should read --pulses--.

Line 17, "swith ST." should read --switch ST.--.

Line 41, "optical linear," should read
--optical, linear,--.

Line 60, "and" should read --an--.

Line 56, "signals:" should read --signals;--.

Line 1, "a" should be deleted.
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
carrected as shown below:

COLUMN 16

Line 4, "source function," should read --source means, --,.
Line 10, "location"” should read --position of--.
Line 14, "ing," should read --ing--.

Signed and Sealed this
Twenty-eighth Day of September, 1993

Attest: ﬁw ZyCmu.\

BRUCE LEHMAN

Attesting Officer Commissioner of Parents and Trademarks
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